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[57] ABSTRACT 
A plastic material molding apparatus, wherein when the 
pressure at a material inlet of a cylinder of a material 
holding mechanism increases as a piston in the cylinder 
compresses a resilient-member provided in the material 
holding mechanism, the speed of a motor for driving a 
material fluidizing mechanism is reduced. A servo 
motor for intermittently driving a plastic material me 
tering and delivering mechanism is controlled accord 
ing to the revolution speed and a predetermined total 
number of revolutions of the servo motor and to the 
number of pulses from a pulse generator provided in the 
servo motor. A relief valve is interposed between a 
material delivery port and a delivery nozzle of the me 
tering and delivering mechanism, the relief valve being 
adapted to open when the material pressure at the deliv 
ery port is higher than the relief pressure, the relief 
pressure being set higher than the vapor pressure ac 
cording to the temperature of the material at the deliv 
ery port. When the amount of material delivered to the 
material holding mechanism reaches a speci?ed vol 
ume, the fluidizing mechanism is made to continue its 
operation and the material contained in the material 
holding mechanism is discharged into the metering and 
delivering mechanism together with the material being 
delivered from the ?uidizing mechanism. 

7 Claims, 3 Drawing Sheets 
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PLASTIC MATERIAL MOLDING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a plastic material molding 

apparatus and more particularly to a plastic material 
molding apparatus which has a material holding mecha 
nism and a material metering and delivering mecha 
msm. 

2. Description of the Prior Art 
FIG. 1 shows a conventional plastic material molding 

apparatus with a plastic material holding mechanism 
and a metering and delivering mechanism. In the ?gure, 
reference numeral 1 represents a hopper for supplying 
plastic material; 2 a plastic material ?uidizing mecha 
nism; 3 a drive motor; 4 a metering and delivering 
mechanism; 5 a material holding mechanism installed, 
through valves 6, 7, between the ?uidizing mechanism 2 
and the metering and delivering mechanism 4; 8 a cylin 
der for the material holding mechanism 5; 9 and 10 
cylinder pistons on the material side and on the pressure 
chamber side respectively; 11 a piston rod connecting 
these pistons; 12 a pressure ?uid supply port in the 
cylinder 8 that opens to the pressure chamber of the 
cylinder; 13 a pressure detector for detecting the pres 
sure at the material inlet of the cylinder 8; 14 molds for 
successively accepting the kneaded material intermit 
tently discharged out of the metering and delivering 
mechanism 4; 15 a conveyor; and 16 a motor for the 
delivering mechanism 4. 

In the above plastic material molding apparatus, the 
plastic material is heated and ?uidized by the ?uidizing 
mechanism 2 and introduced through the valve 6 into 
the material holding mechanism 5. The valve 7 is 
opened as needed and pressurized air is supplied into the 
pressure chamber in the cylinder 8 to push the material 
in the cylinder 8 into the metering and delivering mech 
anism 4. The motor 16 is then driven to discharge the 
metered material intermittently onto the molds 14 on 
the conveyor 15. 

In such plastic material molding apparatuses, the 
material is introduced into the material holding mecha 
nism 5. When the cylinder 8 of the material holding 
mechanism 5 is ?lled with the material and the pressure 
at the material inlet of the cylinder 8 becomes higher 
than the pressure in the pressure chamber of the cylin 
der 8, the increased pressure is detected by the pressure 
detector 13 to stop the motor 3 for the ?uidizing mecha 
nism 2. 
However, when‘ the motor 3 is stopped, the ?uidizing 

mechanism 2 does not immediately stop due to the iner 
tia of the motor 3 and the ?uidizing mechanism 2,. so 
that the material continues to be forced into the cylinder 
8 even after the piston 10 on the pressure chamber side 
of the material holding mechanism 5 has contacted the 
rear wall of the cylinder 8. Thus, as shown in FIG. 2, 
the pressure at the material inlet of the cylinder 8 sud 
denly increases, leading to a possible failure of the cylin 
der and associated components. 
The amount of plastic material intermittently dis 

charged from the metering and delivering mechanism 4 
is determined by the product of the revolution speed of 
the motor 16 and the duration of motor rotation. The 
time during which the motor is operated is generally set 
by a timer. 
The timer, however, has variations in its operation 

time and also is affected by ambient temperatures. In 
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2 
addition, the motor speed greatly varies depending on 
the magnitude of load and supply voltage variations. 
The operation time variations of the timer generally 

fall in the range of $0.33 to i2% of the maximum set 
ting time. In practice, the timer is often used at about 
one third of the maximum setting time. In that case the 
operation time variation is three times as large as the 
above variation range, i.e., $0.9 to i6%. 
The effect of the ambient temperature on the timer 

operation time is about i2% of the maximum setting 
time. 

Therefore, when for example a l20-second timer is 
set at 60 seconds, the operation time variation will be 
:t l20X 0.02=2.4 seconds; and the effect of temperature 
will be i120><0.02=2.4 seconds. 
Thus the total variation will be as large as 

:4. 8/ 60: i 8% 
In the metering and delivering mechanism that inter 

mittently discharges such plastic materials as hot melted 
polymer, variations in the weight of each shot cannot be 
prevented, even if the rotation of the delivery pump is 
controlled accurately. 
The primary cause of the variations is that the water 

contained in the melted material is vaporized to form 
bubbles and thereby increases the volume of the mate 
rial, so that even when the delivery pump is correctly 
controlled to discharge the material as accurately as 
possible, the material thus discharged will be lighter by 
as much as there are bubbles. 
To solve this problem, it is most effective to suppress 

the formation of water vapor and this can be achieved 
by keeping the melted polymer pressure higher than the 
vapor pressure. 
FIG. 3 shows the operation sequence of the material 

holding mechanism in a conventional plastic material 
molding apparatus. When the pressure detector 13 de 
tects a pressure higher than that in the pressure chamber 
of the cylinder 8, the ?uidizing mechanism 2 is stopped, 
say, 60 seconds after starting, at which time 2 liters of 
material for example is contained in the cylinder 8. 
Then, the valve 7 is opened and a pressure ?uid is 

supplied into the pressure chamber of the cylinder 8 to 
discharge about 2 liters of material contained in the 
cylinder 8 out into the external mechanism such as the 
metering and delivering mechanism 4 during the period 
of say 30 seconds. 
Such a conventional plastic material molding appara 

tus has the drawback that the ?uidizing mechanism 2 is 
operated intermittently and the operation time is as long 
as 90 seconds. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a plastic 
material molding apparatus that can overcome the 
above-mentioned drawbacks. The plastic material 
molding apparatus of the invention comprises: a mate 
rial ?uidizing mechanism including a cylinder having a 
piston reciprocally mounted therein and a material inlet 
to allow said cylinder to receive material under pressure 
from said ?uidizing mechanism; a material holding 
mechanism; a mechanism for detecting the pressure at 
the material inlet of the cylinder of the material holding 
mechanism; a rotary speed changing mechanism includ 
ing a motor having a speed which is variable in response 
to said pressure at said material inlet, connected to drive 
the ?uidizing mechanism; and a resilient member pro 
vided in the material holding mechanism, the resilient 
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member being adapted to be compressed by movement 
of the piston in the cylinder; whereby when the pressure 
at the material inlet of the cylinder increases as the 
piston compresses the resilient member, the speed of the 
motor for driving the material ?uidizing mechanism is 
reduced. 
The plastic material molding apparatus of the present 

invention further comprises a plastic material metering 
and delivering mechanism connected to the material 
holding mechanism ; a servo motor having a variable 
revolution speed for intermittently driving the metering 
and delivering mechanism; a pulse generator provided 
in the servo motor for generating a given number of 
pulses for each servo motor revolution; a mechanism 
for setting the servo motor to operate at a desired revo 
lution speed; a digital mechanism for setting the total 
number of revolutions said servo motor should make; 
and a control mechanism for operations the servo motor 
at the revolution speed set and for the total number of 
revolutions of the servo motor in response to the num 
ber of pulses produce by the pulse generator. 
The plastic material molding apparatus of the present 

invention further comprises a relief valve interposed 
between the material delivery port and the delivery 
nozzle of the metering and delivering mechanism, the 
relief valve having a relief pressure and operable to 
open when the material pressure at the delivery port is 
higher than the relief pressure, the relief pressure being 
set higher than the vapor pressure of the material at the 
delivery port. 
The plastic material molding apparatus of this inven 

tion further comprises a mechanism for detecting the 
pressure at the material inlet of the cylinder of the mate 
rial holding mechanism whereby when said pressure at 
the material inlet of the cylinder reaches a speci?ed 
value the ?uidizing mechanism is made to continue its 
operation and the material contained in the material 
holding mechanism is discharged into the plastic mate 
rial metering and delivering mechanism together with 
the material being delivered from the ?uidizing mecha 
msm. 

According to the plastic material molding apparatus 
of this invention, failure of or damage to the material 
holding mechanism and other related mechanism due to 
the inertia of the motor and the ?uidizing mechanism 
can be prevented. Another advantage is that variations 
in the operation time of the metering and delivering 
mechanism can be reduced signi?cantly. Moreover, 
formation of bubbles due to vaporization in the material 
can be prevented, making the accurate metering and 
delivering of the material possible. The operation time 
can also be 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory drawing of a conventional 
plastic material molding apparatus; 
FIG. 2 is a diagram showing the pressure at the mate 

rial inlet of the cylinder in the apparatus of FIG. 1; 
FIG. 3 is a diagram showing the operation sequence 

of the material supplying device in the conventional 
plastic material molding apparatus; 
FIG. 4 is an explanatory drawing of a plastic material 

molding apparatus according to the invention; 
FIG. 5 is a diagram showing the pressure at the mate 

rial inlet of the cylinder in the apparatus of FIG. 4; and 
FIG. 6 is a diagram showing the operation sequence 

of the material supplying device in the plastic material 
molding apparatus of this invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now embodiments of the invention will be described 
by referring to the attached drawings. 

In the plastic material molding apparatus of this in 
vention as shown in FIG. 4, a compression spring 17 of 
a speci?ed length is installed in the pressure chamber of 
the cylinder 8 of the material holding mechanism 5 to 
project inwardly from the rear wall of the cylinder 8. A 
variable speed motor is used as a motor 3. The analog 
signal from the pressure detector 13 is converted by an 
A/D converter 18 into a digital signal which is com 
pared with a digital signal from a pressure setter 19. 
According to the result of the pressure comparison, a 
controller 20 reduces the speed of the motor 3 in re 
sponse to the pressure increase at the material inlet of 
the cylinder 8. 

In this invention, as the motor 16 a servo motor is 
used which has a pulse generator 21 that generates 1000 
to 4000 pulses for each revolution. A digital switch 22 is 
used instead of the timer to digitally specify the opera 
tion time of the motor 16 with the number of motor 
revolutions in that period. The revolution speed of the 
motor is speci?ed by a dial 23. Signals from the digital 
switch 22 and dial 23 are processed together with the 
signals from the pulse generator 21 by a controller 24 to 
digitally control the servo motor. 

Furthermore, a relief valve 27 is interposed between 
a delivery port 25 and a delivery nozzle 26 of the pres 
sure of the relief valve 27, the valve 27 is opened to 
discharge the material from the delivery nozzle 26. The 
relief pressure of the relief valve 27 is set higher than the 
vapor pressure according to the temperature of the 
molten material at the delivery port 25. 

In the plastic material molding apparatus of FIG. 4, 
the cylinder 8 of the material holding mechanism 5 has 
the capacity about one-half of the conventional cylinder 
capacity, i.e. one liter. When the cylinder is ?lled with 
the material and this is detected by the pressure detector 
13, the valve 7 is moved from the closed position shown 
in FIG. 4 to an open position, while the valve 6 is left 
open and the ?uidizing mechanism 2 still operating. At 
the same time the pressure ?uid is applied to the pres 
sure chamber of the cylinder 8 to discharge about one 
liter of material from the cylinder 8 by the action of the 
pistons 9, 10 out into the external mechanism together 
with the material delivered from the ?uidizing mecha 
nism 2. When the material in the cylinder 8 is com 
pletely discharged and the total amount of material 
discharged from the cylinder 8 and from the ?uidizing 
mechanism 2 reaches a speci?ed volume, say, 2 liters, 
the motor 16 for the material metering and delivering 
mechanism is started to start the next cycle of operation. 
This operation sequence is shown in FIG. 6. A flow 
meter may be used instead of the pressure detector 13. 

In such construction, the operation time for discharg 
ing the material can be reduced by one-half. If the cylin 
der 8 of 2 liters as the conventional cylinder is used, and 
the material is discharged during the period of 30 sec 
onds as shown in FIG. 3, about 3 liters of material can 
be discharged in the same operation time. 

Because of the above construction, the pressure at the 
material inlet of the cylinder 8 is almost constant and 
equal to the ?uid pressure in the pressure chamber of 
the cylinder 8 during the period from the inception of 
material introduction into the cylinder 8 until the piston 
10 on the pressure chamber side contacts the free end of 
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the compression spring 17,-as shown in FIG. 5. As the 
piston 10 compresses the spring 17, the spring pressure 
increases, so that the pressure at the material inlet of the 
cylinder 8 progressively increases. However, with the 
apparatus of this invention, the speed of the motor 3 
gradually decreases with the pressure increase at the 
material inlet. Therefore, if the motor 3 is set so that it 
will stop when the pressure at the material inlet is close 
to a pressure at which the spring 17 is compressed to the 
maximum extent, the material inlet of the cylinder 8 can 
be free from a sudden pressure jump as would occur in 
the conventional apparatus,- even when there is an iner 
tia of the motor. 

In this invention the metering and delivering mecha 
nism 4 is controlled by the servo motor and the digital 
switch. Let us consider a case where the motor 16 is to 
be rotated for 60 seconds at the rate of 1000 revolutions 
per minute. If the number of pulses for one revolution is 
assumed to be 4000, the total number of pulses that the 
pulse generator 21 must produce is given by 

The revolution error of the motor 16 can be suppressed 
to one pulse..In other words the motor revolution varia 
tion is given by 

i 1/(4>< 106)= i0.000025% 

Further, since the relief valve 27 is installed at the deliv 
ery port 25 of the metering and delivering mechanism 4 
and the relief pressure is set higher than the vapor pres 
sure according to the molten temperature of the mate 
rial at the delivery port 25, the discharge pressure of the 
material is always higher than the vapor pressure, pre 
venting the formation of bubbles in the material due to 
vaporization, making the amount of material discharged 
highly accurate. 
Another advantage of the invention is that the ?uidiz 

ing mechanism 2 need not be stopped, permitting 100% 
utilization of its capacity, reducing the operation time of 
the equipment. Moreover, the cylinder 8 needs to have 
only one-half of the conventional cylinder volume. 

‘ What is claimed is: 
1. A plastic material molding apparatus comprising: a 

material ?uidizing mechanism; a material holding mech 
anism including a cylinder having a piston reciprocally 
mounted therein and a material inlet to allow said cylin 
der to receive material under pressure from said ?uidiz 
ing mechanism; a mechanism for detecting the pressure 
at said material inlet of said cylinder of the material 
holding mechanism; a rotary speed changing mecha 
nism including a motor having a speed which is variable 
in response to said pressure at said material inlet, con 
nected to drive said ?uidizing mechanism; and a resil 
ient member provided in the material holding mecha 
nism, said resilient member being adapted to be com 
pressed by movement of said piston in the cylinder; 
whereby when said pressure at the material inlet of the 
cylinder increases as the piston compresses the resilient 
member, said speed of the motor for driving the mate 
rial fluidizing mechanism is reduced. 

2. A plastic material molding apparatus comprising: a 
material ?uidizing mechanism; a material holding mech 
anism connected to receive material from said material 
?uidizing mechanism; a plastic material metering and 
delivering mechanism connected to said material hold 
ing mechanism; a servo motor having a variable revolu 
tion speed for intermittently driving the metering and 
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delivering mechanism; a pulse generator provided in the 
servo motor for generating a given number of pulses for 
each servo motor revolution; a mechanism for setting 
the servo motor to operate at a desired revolution 
speed; a digital mechanism for setting a total number of 
revolutions said servo motor should make; and a control 
mechanism for operating said servo motor at the revolu 
tion speed set and for the total number of revolutions of 
the servo motor in response to the number of pulses 
produced by said pulse generator. 

3. A plastic material molding apparatus for process 
ing plastic material having a variable vapor pressure 
which corresponds to the temperature of the material 
when in a molten state comprising: a material ?uidizing 
mechanism; a material holding mechanism including a 
cylinder having a piston reciprocally mounted therein 
and a material inlet for receiving material under pres 
sure from said material ?uidizing mechanism; a plastic 
material metering and delivering mechanism connected 
to receive material from said material holding mecha 
nism and having a material delivery port and a delivery 
nozzle; and a relief valve interposed between said mate 
rial delivery port and said delivery nozzle of the meter 
ing and delivering mechanism, said relief valve having a 
relief pressure and operable to open when the material 
pressure at the delivery port is higher than said relief 
pressure, said relief pressure being set higher than said 
vapor pressure of the material at the delivery port. 

4. A plastic material molding apparatus comprising: a 
material ?uidizing mechanism; a material holding mech 
anism including a cylinder having a piston reciprocally 
mounted therein and a material inlet for receiving mate 
rial under pressure from said material ?uidizing mecha 
nism; a mechanism for detecting the pressure at said 
material inlet of said cylinder of the material holding 
mechanism; a resilient member provided in the material 
holding mechanism, said resilient member being 
adapted to be compressed by said piston in the cylinder; 
a plastic material metering and delivering mechanism 
connected to receive material from said material hold 
ing mechanism; a driving mechanism for said ?uidizing 
mechanism; and a controller for said driving mecha 
nism; whereby when said pressure at said material inlet 
of the cylinder reaches a speci?ed value, the ?uidizing 
mechanism is made to continue its operation and the 
material contained in the material holding mechanism is 
discharged into the plastic material metering and deliv 
ering mechanism together with the material being deliv 
ered from the ?uidizing mechanism. 

5. A plastic material molding apparatus for process 
ing plastic material having a variable vapor pressure 
which corresponds to the temperature of the material 
when in a molten state comprising: a material ?uidizing 
mechanism; a material holding mechanism including a 
cylinder having a piston reciprocally mounted therein 
and a material inlet for receiving material under pres 
sure from said material ?uidizing mechanism; a mecha 
nism for detecting the pressure at said material inlet of 
said cylinder of the material holding mechanism; a ro 
tary speed changing mechanism including a motor, 
having a speed changing mechanism including a motor, 
having a speed which is variable in response to said 
pressure at said material inlet, connected to drive said 
?uidizing mechanism; a resilient member provided in 
the material holding mechanism, said resilient member 
being adapted to be compressed by said piston in the 
cylinder; a plastic material metering and delivering 
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mechanism connected to receive material from said 
material holding mechanism and having a material de 
livery port and a delivery nozzle; a servo motor having 
a variable revolution speed for intermittently driving 
the metering and delivering mechanism; a pulse genera 
tor provided in the servo motor for generating a given 
number of pulses for each servo motor revolution; a 
mechanism for setting said servo motor to operate at a 
desired revolution speed; a digital mechanism for set 
ting a total number of servo motor revolutions; a con 
trol mechanism for operating said servo motor at the 
revolution speed set and for the total number of revolu-' 
tions of the servo motor in response to the number of 
pulses produced by said pulse generator; and a relief 
valve interposed between said delivery port and said 
delivery nozzle of the metering and delivering mecha 
nism, said relief valve having a relief pressure and oper 
able to open when the material pressure at the delivery 
port is higher than said relief pressure, said relief pres 
sure being set higher than said vapor pressure of the 
material at the delivery port; whereby when the pres 
sure at said material inlet of the cylinder increases as the 
piston compresses the resilient member, said speed of 
the motor for driving the material ?uidizing mechanism 
is reduced. ' 

6. The plastic material molding apparatus according 
to claim 1 or 5, wherein cylinder has a pressure chamber 
and a rear wall and wherein said resilient member is a 
compression spring of a speci?ed length installed in the 
pressure chamber of the cylinder so as to project in 
wardly from the rear wall of the cylinder. 
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7. A plastic material molding apparatus for process 

ing plastic material having a variable vapor pressure 
which corresponds to the temperature of the material 
when in a molten state comprising: a material ?uidizing 
mechanism; a material holding mechanism including a 
cylinder having a piston reciprocally mounted therein 
and a material inlet for receiving material under pres 
sure from said material ?uidizing mechanism; a plastic 
material metering and delivering mechanism connected 
to receive material from said material holding mecha 
nism and having a material delivery port and a delivery 
nozzle; a servo motor for intermittently driving the 
metering and delivering mechanism; a pulse generator 
provided in the servo motor for generating a given 
number of pulses for each servo motor revolution; a 
digital mechanism for setting a total number of servo 
motor revolutions; a control mechanism for stopping 
said servo motor for the total number of revolutions of 
the servo motor in response to the number of revolu 
tions of the servo motor in response to the number of 
pulses produced by said pulse generator; and a relief 
valve interposed between the said delivery nozzle of the 
metering and delivering mechanism, said relief valve 
having a relief pressure and operable to open automati 
cally when the material pressure at the delivery port 
becomes a higher than said relief pressure due to the 
operation of said servo motor and said plastic material 
metering and delivering mechanism and operable to 
close automatically when the material pressure at the 
delivery port becomes lower than said relief pressure, 
said relief pressure being set higher than said vapor 
pressure of the material at the delivery port. 

$ * * * $ 


